Introduction
Dry eye disease (DED) is a major public health problem in ophthalmology. The prevalence of DED is 5% to 50%. [1] [2] [3] DED is defined by The Tear Film & Ocular Surface Society Dry Eye Workshop II (TFOS DEWS II) as ''a multifactorial disease of the tears and ocular surface that results in symptoms of discomfort, visual disturbance, and tear film instability with potential damage to the ocular surface. It is accompanied by increased osmolarity of the tear film and inflammation of the ocular surface.'' 4 The Asia Dry Eye Society (ADES) defines DED as ''a multifactorial disease characterized by unstable tear film causing a variety of symptoms and/or visual impairment, potentially accompanied by ocular surface damage. '' 5 DED symptoms include dryness, discomfort, foreign body sensation, pain, itchiness, and so on. The symptoms can last for many years, and the condition has significant negative impacts on patients' lives. DED is a multifactorial disease, which can be caused by a variety of issues, such as collagen disease, Sjögren syndrome, malnutrition, graft versus host disease, medications, and so on. The occurrence rate of dry eye syndrome is markedly increasing in industrialized countries, although the etiology of this condition is multifactorial and largely remains unknown. 2 In recent years, the relationship between DED and psychiatric disorders has been gaining attention. It is reported that the prevalence of major depressive disorders is higher in patients with DED. 6 Antidepressants are also considered to be a risk factor of DED. 7, 8 The relationship between dry eye symptoms and psychiatric symptoms has been reported in multiple studies. [9] [10] [11] [12] [13] [14] [15] [16] [17] However, previous studies had limitations, such as a lack of close examination of either DED or mood symptoms. Some studies did not use internationally validated scales. Moreover, no studies have prospectively followed patients' mood symptoms or DED.
Therefore, we evaluated DED patients' psychological states and social functionality using validated psychiatric scales as well as ophthalmologic examinations during the course of DED treatment. As far as we know, this is the first study that prospectively followed DED patients while focusing on the relationship between mood and severity of DED symptoms.
Material and Methods

Participants
An observational prospective study was conducted between October 3, 2013 and March 31, 2014 at Keio University Hospital, Tokyo, Japan. Inclusion criteria were as follows: (1) patients diagnosed as DED who were followed at the ophthalmology outpatient clinic of the hospital; (2) patients who are over 18-years old; and (3) native speakers of Japanese. Diagnoses were made by experienced ophthalmologists before or at the time of study entry, along with the latest Japanese diagnostic criteria issued in 2006. 18 The diagnostic criteria are as follows: (1) presence of dry eye symptoms; (2) presence of qualitative or quantitative disturbance of the tear film (Schirmer test 5 mm or break-up time [BUT] 5 seconds); and (3) presence of keratoconjunctival epithelial damage (total score of fluorescein staining !3 points). Study exclusion criteria were as follows: (1) patients who have complications from anterior ocular segment diseases except for dry eye; (2) patients with a severe posterior ocular disease; (3) patients who had any type of eye operation within the last 3 months; (4) patients with severe physical diseases that can affect eye symptoms; (5) patients who have a severe psychiatric disorder that prevents them from undergoing eye/psychiatric assessment; and (6) patients who are decision-impaired. In this study, healthy controls were not included. As this was a naturalistic observational study each patient's treatment was selected by their physician. During the follow-up, the usual treatment was continued by each physician. The research followed the Declaration of Helsinki and was based on protocol approved by the institutional review board of Keio University Hospital, Japan. Written informed consent was obtained from all participants.
Assessments
We conducted the psychiatric and ophthalmologic assessments described below twice during the study period. The majority of the patients had been seen and followed up with by an ophthalmologist at the clinic before the informed consent. The interval of the follow-up was between 1 and 3 months (median 2 months).
Psychiatric Assessments
Patient interviews were performed by experienced psychiatrists. Patients' sociodemographic characteristics as well as their medical information, such as comorbid diseases, medication history, duration of illness, smoking and alcohol history, occupation, and family history were obtained. If they had a history of psychiatric illness, detailed information regarding onset and treatments was collected. Psychiatric diagnoses were made according to the Diagnostic and Statistical Manual of Mental Disorders-IV using the Mini International Neuropsychiatric Interview (M.I.N.I.). 19 Depressive moods and anxiety were evaluated using the Japanese version of the Montgomery-Asberg Depression Scale (MADRS), 20 Quick Inventory of Depressive Symptomatology-Japanese version (QIDS-SR 16 ), 21 and the Japanese version of the Hamilton Rating Scale for Anxiety (HAM-A). 22 Detailed explanations of each assessment scale are shown below.
The Mini-International Neuropsychiatric Interview
In this study, we used the Japanese version of the M.I.N.I. (Kappa coefficient ¼ 0.49-0.93). 23 This is a brief structured clinical interview for detecting any psychiatric disorders based on the Diagnostic and Statistical Manual criteria. Its original version was developed by Sheehan and Lecrubier. 19 
The Montgomery-Asberg Depression Scale
We used the Japanese version of the MADRS (intraclass correlation coefficient ¼ 0.91-1.00). 20 This is a 10-item semistructured scale specifically designed to indicate the severity of the subject's depressive condition. The total scores range from 0 to 60, with larger numbers indicating greater severity. Its original version was developed by Montgomery and Asberg. 24 
Quick Inventory of Depressive Symptomatology
The self-rated, QIDS-SR16 is a self-administered questionnaire that assesses the severity of depressive symptoms over the 7 days prior to assessment. 21 The total scores range from 0 to 27, with larger numbers indicating greater severity. In this study, we used the Japanese version of the QIDS-SRJ (Cronbach's a ¼ 0.86). 25 
Hamilton Rating Scale for Anxiety
In this study, we used the Japanese version of the HAM-A (Cronbach's a ¼ 0.88). 22 This is a 14-item semistructured scale to measure the severity of perceived anxiety symptoms. The total scores range from 0 to 56, with larger numbers indicating greater severity. Its original version was developed by Hamilton.
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Ophthalmic Assessments
Subjective symptoms of DED were evaluated using the Dry Eye Related Quality of Life Score (DEQ), 27 which consists of 15 questions about diagnostic symptoms of DED and the degree of discomfort, such as difficulty opening eyes, blurred vision, sensitivity to bright light, and problems with reading. All ophthalmic examinations were performed by ophthalmologists with expertise in DED. In order to evaluate the severity of DED, the following three tests were performed: a fluorescein staining test, the tear film BUT with fluorescein, and the Schirmer test. To evaluate the fluorescein staining of the ocular surface, the eye was divided into three equal compartments representing nasal conjunctiva, cornea, and temporal conjunctiva. The maximum staining score for each area was three points, and the maximum total staining score was nine points. For the BUT assessment, the time interval between the last complete blink and the appearance of the first corneal black spot was measured with a stopwatch. The Schirmer test was performed without topical anesthesia. A strip (Whatman No. 41, Showa, Tokyo) was placed at the outer one-third of the temporal lower conjunctival fornix for 5 minutes. The strip was then removed, and the length of wet filter paper was recorded.
Statistical Analysis
The distributions of all variables were inspected using histograms, q-q plots, and the Shapiro-Wilks test before conducting statistical analyses. Participants were divided into two groups regarding the severity of their depressive or anxiety symptoms using a cutoff score for three scales (i.e., !12 points for MADRS, !14 points for HAM-A, !6 points for QIDS). Differences in patient characteristics at baseline between the two groups were examined using X 2 analysis for categoric variables and t-test for continuous variables. The relationship between depressive or anxiety symptoms and severity of DED at baseline were examined using Pearson's correlation coefficient. When examining the impact of psychiatric symptoms over the course of DED symptoms, we divided the subjects into two groups based on MADRS for depression or HAM-A for anxiety at baseline and used a mixed model. All statistical analyses were performed using the SPSS software, version 23 (SPSS Inc., IBM, Cary, NC).
Results
Of the 56 subjects who visited the clinic between October 2013 and March 2014, 40 agreed to participate in the study and received the first set of assessments. Fourteen of 40 dropped out from the secondary psychiatric evaluation. The mean age 6 standard deviation (SD) of the original 40 subjects was 61.3 6 18.1, and 30 of 40 (75.0%) of them were female. The mean duration of DED 6 SD was 55.38 6 24.95. Only 2 patients were diagnosed with DED for the first time upon participating in this study. All other patients had already been diagnosed with DED prior to this study. All the patients were treated with one of or a combination of the following: ophthalmic solution (e.g., diquafosol sodium, purified sodium hyaluronate, and rebamipide), eye shampoo, maxacalciol, and/or punctal plugs. Detailed information is shown in Table 1 .
Based on the baseline scores, 6 of 40 (15.0%) of the patients exceeded the threshold of MADRS and 18 of 35 (51.4%) of QIDS for depression. Five of 34 (14.7%) of the subjects exceeded the threshold score of HAM-A for having any anxiety disorder. Two patients had been diagnosed with major depressive disorder and were taking antidepressants during the study period.
Depression, Anxiety Severity, and Dry Eye Symptoms at Baseline
By dividing patients into two groups based on depression severity as determined by their MADRS scores, we found a significant difference between the two groups related to their DEQ scores (i.e., subjective symptoms of DED), whereas there were no statistical differences between the groups regarding other objective measures, such as fluorescein staining test, BUT, and Schirmer score ( Table 2 ). The exact same pattern was found in the results of those patients with anxiety. By dividing patients by HAM-A score we found a significant difference between the two groups regarding DEQ scores but not for objective measures.
When examining the correlation between the psychiatric and ophthalmologic variables, there was a significant relationship between the MADRS score and DEQ score, but not with objective measures of DED. Similarly, there was a significant relationship between the HAM-A score and DEQ score, but not with objective measures of DED (Table 3) .
Dry Eye Symptoms Change Over Time
When subjects were divided based on the existence of depressive symptoms, there was no group difference regarding the change of DEQ score over time based on MADRS scores (main effect of time, P ¼ 0.986; main effect of psychiatric symptom, P ¼ 0.012; interaction between time and psychiatric symptom, P ¼ 0.461). Similarly, when the subjects were divided based on the existence of anxiety symptoms, there was no group difference regarding the change of DEQ score over time based on HAM-A scores (main effect of time, P ¼ 0.908; main effect of psychiatric symptom, P ¼ 0.001; interaction between time and psychiatric symptom, P ¼ 0.293). In addition, there were no group differences regarding the change of other objective dry eye scores over time based on MADRS and/or HAM-A scores (Table 4) . Removing two participants who were receiving depression treatment did not alter the results. There was a numeric increase in the DEQS score in the high-MADRS group and high-HAM-A group, while there was a numerical decrease in the DEQS score in the 
normal-MADRS group and normal-HAM-A group.
A similar pattern was seen regarding the Schirmer value, in that there was a numeric decrease in the Schirmer value in the high-MADRS group and high-HAM-A group, while there was a numerical increase in the Schirmer value in the normal-MADRS group and normal-HAM-A group. However, none of the differences reached a statistical significance.
Discussion
To the best of our knowledge, this is the first report on longitudinal data focusing on DED and psychiatric symptoms. In cross-sectional examination, we found patients with depressive and/or anxiety symptoms had higher DEQ scores (i.e., had more severe subjective symptoms than patients without depressive or anxiety symptoms), whereas the objective symptoms of DED did not differ between groups. We also found a positive relationship between depression/anxiety scores and DED subjective symptoms. On the other hand, in longitudinal examination, we found psychiatric symptoms had no impact on the course of DED symptoms.
Our cross-sectional findings are mostly in accordance with the previous studies' findings. Li et al. 17 reported that the Zung Self Rating Anxiety Scales (SAS) scores were found to be correlated with the Ocular Surface Disease Index (OSDI) and educational level, and the Zung Self Rating Depression Scales (SDS) scores were found to be correlated with OSDI in the DED group. Wan et al. 28 found that DED patients are more depressed and anxious than those in the control group, and 29% of DED patients suffer from depression. Hallak et al. 13 found DED symptom scores and depression scores evaluated with the Beck Depression Inventory (BDI) were statistically significantly different between DED cases and the control group. Kim et al. 29 found depression assessed using the Korean version of the Short Geriatric Depression Scale (SGDS-K) was associated with DED symptoms in elderly subjects with normal or mildly reduced tear production. Mrugacz et al. 30 reported that tear levels of interleukin (IL)-6, IL-17, and tumor necrosis factor-a, which had significant correlation with dry eye severity, were higher in depressed patients than in the control group. In our study, too, there was a positive relationship between depression/anxiety scores and DED subjective symptoms. As a side note, in this study it was interesting that the proportion of patients who exceeded the depression threshold was much higher with QIDS, which is a self-report, compared with MADRS, which is assessed by a clinician. This may indicate that patients with DED may be more sensitive to subjective DED symptoms as well as psychiatric symptoms.
In this study, the mean 6 SD of DEQ was 52.0 6 24.8, while Kawashima 31 reported that the mean 6 SD of DEQ of dry eye patients was 26.8 6 20.6 in the clinic-based multicenter study. Therefore, some selection bias may have existed.
It would seem natural that patients with stronger depressive or anxiety symptoms feel dry eye symptoms to be more severe. It is reported that the symptoms of a somatic disease can worsen when patients have depression in multiple forms. 32, 33 This finding shows that it is important for us to consider that it might be beneficial for those who suffer from both DED and psychiatric symptoms, such as depression or anxiety, to shift the focus of their treatment toward their psychiatric symptoms rather than the DED. There is a report that indicates the utilization of antidepressants may be a potential cause of DED. 34 However, in our population only two patients were receiving antidepressants, therefore it was difficult to examine whether the antidepressant treatment had any impact on DED. But at the same time, removing two patients who were receiving antidepressant did not change the results.
In this study, depression and/or anxiety symptoms are associated with subjective DED symptoms but not with objective DED symptoms. In Labbé et al. 35 the relationship between dry eye symptoms and depression was investigated by targeting patients with DED. It was reported depression score was correlated with subjective dry eye symptoms, but not with the BUT, the Schirmer test, and corneal staining. In addition, Kawashima et al. 36 investigated the relationship between DED and subjective happiness among office workers (n ¼ 672) and reported that among subjects who had reported higher level of subjective happiness there was also significantly fewer self-reported dry eye symptoms. They discussed that while subjective DED symptoms besides dryness of the eye, such as ocular fatigue and pain, may also adversely affect quality of life and quality of vision, people with high happiness are less conscious of subjective DED symptoms. 36 A similar reasoning may be applied here; in that depressed patients are more concerned about their dry eye symptoms than patients without depressed/ anxiety symptoms. Although we hypothesized that DED prognoses may be different in patients with psychiatric symptoms compared with patients without (i.e., the depressed/anxious group may have worse prognoses compared with psychiatrically stable patients), in actuality, we found the expected pattern both in subjective as well as objective symptoms in our sample. As the change did not reach a statistical significance, we should not draw any conclusions. However, it may indicate some underlying pathophysiology for DED, as described in the next paragraph. If more subjects were included in the study with a longer follow-up period, we might have had more power to find a significant difference. Moreover, patients who participated in this study had been suffering from DED for a long time (mean 6 SD, 63.0 6 99.8) and only two of 40 patients were diagnosed as having DED for the first time during the baseline assessment. Therefore, it is likely that differences in DED prognosis may be hidden due to the ceiling effect of the DED treatment.
Why is DED often found in depressed populations? To date, there is no clear answer to this question; however, some studies indicate a potential connection with the serotonin function that is part of the secretion of tears in the lacrimal gland (LG). Chhadva et al. 37 reported that tear serotonin concentration positively correlated with symptoms and signs of dry eye in one cross-sectional study. Imada et al. 38 found that the serotonin type 3a receptor expressed in LG acinar cells is involved in tear secretion via intracellular calcium mobilization in mice. In addition, Lambiase 39 reported that the concentration of neuropeptide Y (NPY), which has an antianxiolytic effect, was low in the tear fluid of DED patients. We do not know which factor is the cause and which is the effect; however, changes in tear fluid components may be related to depression and anxiety disorders.
Needless to say, not only biological components but also psychological components are likely to contribute to the development of depression/anxiety in DED patients. Ayaki et al. 40 reported that dry eye may cause a constant feeling of discomfort or distress that causes mood disorders because dry eye patients may be frequently anxious about their eyes, because symptoms of dry eye are lifelong. Labbé et al. 35 discussed that depressive or depressive symptoms in eye patients may be caused by a series of eye symptoms, which have a great impact on patients' daily lives, such as eye discomfort, foreign body sensation, pain, visual impairment, and other symptoms. Yajing et al. 41 said that depression in eye patients may also be caused by social factors, doctor visits, and medical expenses.
The findings of the study have to be interpreted in the context of the following limitations. First, the study sample size is small. As we did not have specific information regarding longitudinal data that could be used for sample size calculation, we targeted 50 patients for the study, given the number of patients who visit our dry eye clinic. Although we were able to find significant relationships between psychiatric and subjective symptoms of DED, there may have been type II errors. Moreover, there were many dropouts in the follow up visit (14/40) . This limits the interpretation of the results regarding longitudinal change. Second, although we searched for the potential impact of psychiatric symptoms in relation to DED, the follow-up duration may have been too short to detect the difference. Additionally, the assessments were only done twice in the current study. Third, selection bias may have been an issue. In this study, we observed very high DEQ score compared with other study samples. Moreover, patients with depressive and/or anxiety symptoms had severer subjective symptoms than patients without depressive or anxiety symptoms, whereas some previous studies showed the opposite results. Further studies involving more patients are needed. Finally, we were not able to categorize DED based on its etiology, such as Sjögren syndrome and mybome grand disfunction, to examine the interaction with psychiatric status and DED etiology.
Conclusions
In our naturalistic observational study that closely examined dry eye symptoms as well as psychiatric symptoms, we found that depression and anxiety were related to the subjective symptoms of DED but not the objective symptoms. We did not find any correlation between psychiatric symptoms and the prognosis of DED; however, this may be due to the sample selection of this study (i.e., the majority of patients in the study had a long history of DED). A study with a larger sample size and longer duration is warranted. Nevertheless, it is important to pay attention to psychiatric symptoms in patients with DED and an investigation into appropriate treatment strategies for patients with DED in combination with psychiatric symptoms is needed in the future.
